The performance of the Mercury Laser Altimeter is reported from MESSENGER's flybys of Mercury in January and October 2008. The instrument ranged to 600 km at >60° incidence angle and 1600 km in nadir direction. The Mercury Laser Altimeter (MLA) is one of seven instruments on the MESSENGER (MErcury Surface, Space ENvironment, GEochemistry, and Ranging) spacecraft, a mission in NASA's Discovery Program [1] [2] [3] . Launched on August 3, 2004, MESSENGER is currently on a 7.9-billion-km journey that includes more than 15 trips around the Sun. It has already flown past Earth once (August 2, 2005) and Venus twice (October 24, 2006, and June 5, 2007). On January 14, and October 6, 2008, MESSENGER flew past Mercury with closest approach at about 200 km altitude, providing unique opportunities for MLA and other instruments to perform science measurements over distances similar to those that will be possible when the spacecraft enters orbit about Mercury. The distance and pointing angle varied over large ranges during the flyby, so MLA was able to demonstrate its measurement capability and performance over a wide dynamic range. MLA acquired more than 3600 range measurements during the flybys, starting at 600 km range and 70° off-nadir angle at the beginning of the pass and ending at greater than 1600 km range and near-nadir pointing at the end of the pass [4] . We will give a detailed description of the measurement data and the instrument performance from these two Mercury flybys. We will also describe the instrument passive radiometry measurements of the planets from these flybys and earlier Venus flybys.
The Mercury Laser Altimeter (MLA) is one of seven instruments on the MESSENGER (MErcury Surface, Space ENvironment, GEochemistry, and Ranging) spacecraft, a mission in NASA's Discovery Program [1] [2] [3] . Launched on August 3, 2004 , MESSENGER is currently on a 7.9-billion-km journey that includes more than 15 trips around the Sun. It has already flown past Earth once (August 2, 2005) and Venus twice (October 24, 2006 , and June 5, 2007) . On January 14, and October 6, 2008, MESSENGER flew past Mercury with closest approach at about 200 km altitude, providing unique opportunities for MLA and other instruments to perform science measurements over distances similar to those that will be possible when the spacecraft enters orbit about Mercury. The distance and pointing angle varied over large ranges during the flyby, so MLA was able to demonstrate its measurement capability and performance over a wide dynamic range. MLA acquired more than 3600 range measurements during the flybys, starting at 600 km range and 70° off-nadir angle at the beginning of the pass and ending at greater than 1600 km range and near-nadir pointing at the end of the pass [4] . We will give a detailed description of the measurement data and the instrument performance from these two Mercury flybys. We will also describe the instrument passive radiometry measurements of the planets from these flybys and earlier Venus flybys.
The basic MLA instrument design concept was inherited from the Mars Orbiter Laser Altimeter (MOLA) [5, 6] but at about 1/5 the size and weight and 2 to 4 times the ranging capability. It uses a diode-pumped, Q-switched Nd:YAG laser with a 20-mJ pulse energy at 1064-nm wavelength, 8-Hz pulse rate, 6-ns pulse width, and 80-µrad beam divergence angle after the beam expander. The receiver consists of four 11.5-cm-diameter refractive telescopes and four multimode optical fibers to combine the light onto a single silicon avalanche photodiode (APD). The receiver field of view is 400 µrad, and the optical bandwidth is about 0.8 nm. The major advantages of the use of multiple refractive telescopes are the much lower thermal distortion in the Mercury thermal environment and lower cost compared with a single reflective telescope. The MLA receiver uses two-threshold detection techniques for relatively strong signals that give four samples of each received pulse waveform to estimate the received pulse energy. At low signal levels, the receiver uses only the lower detection threshold and records up to 10 threshold crossings for each laser shot. The on-board software selects the most likely target returns to send to Earth. The minimum detectable signal at 10% detection probability is about 0.01 fJ or about 50 photons per pulse. More details about the MLA design can be found elsewhere [3] .
MLA was first powered on briefly 17 days after launch, and all the telemetry data were nominal. However, ranging performance could not be verified because of the lack of ranging targets. During MESSENGER's Earth flyby in May 2005, MLA was pointed at Earth and successfully performed a two-way laser ranging test with the 1.2-m telescope facility at the Goddard Geophysical and Astronomical Observatory over a 24-million-km distance [7] . The ranging precision was shown to be 10 to 20 cm. During the second Venus flyby on June 5, 2007, MLA was operated for about 10 minutes about closest approach at 313 km altitude but did not detect any signal, probably due to attenuation by the haze layer above the Venus clouds. MLA was also used in its passive radiometry mode to verify receiver boresight and calibrate receiver responsivity by inferring scene brightness from the receiver noise threshold-crossing rate [8] during observations of the planet before and after the flybys. the spacecraft orientation and instrument deck pointing directions, MLA began measurements on the night side of the planet and at an oblique angle. The spacecraft then gradually reduced its off-nadir angle and reached near-nadir pointing at the end of the pass. MLA fired its laser for 12 minutes during the flyby. Fig. 1 shows the measured range from the spacecraft to the Mercury surface and the resultant surface elevation from the first flyby. The MLA range data at the beginning and the end of the pass were from the lower detection threshold only and contained multiple threshold crossings including noise. The ground data processing software was used to filter out the signal from noise. MLA also performed passive radiometry observations of the planet one week after each flyby at about 4-million-km distance. The MLA receiver scanned across Mercury in a raster pattern via spacecraft body-pointing maneuvers. Fig. 2 shows the MLA noise count rate as a function of the spacecraft pointing angle after the first Mercury flyby. 
